
care of patients with CPP. Furthermore,
the high proportion of women who have
IBS among gynaecologists’ patients with
CPP suggests that in some cases their
‘‘pelvic’’ pain would be regarded as
abdominal pain by gastroenterologists.
Unnecessary pelvic surgery is best
avoided through collaboration between
the patient’s gastroenterologist and
gynaecologist.

Additional prospective studies on
patients with IBS undergoing surgery
could help identify more associations
between patient features and unnecessary
surgery. However, current knowledge can
protect many patients from the risks and
costs of unneeded surgery.
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Mucosa-associated E Coli are reported to be increased in Crohn’s
disease

T
here is a widespread assumption that
both of the major inflammatory
bowel diseases, Crohn’s disease and

ulcerative colitis, arise as a result of a host
response to intestinal bacteria. Evidence
to support this includes the involvement
of non-pathogenic bacteria in the devel-
opment of colitis in genetically altered
animals, knowledge that the Crohn’s
disease-associated gene NOD2/CARD15
is a receptor for bacterial cell-wall pepti-
doglycan, the common presence of circu-
lating anti-bacterial antibodies in Crohn’s

disease, and the role of known pathogens
in precipitating relapse in ulcerative
colitis.1 We still need to know which
bacteria are the culprits, where they are
(intraluminal, intramucosal, intracellu-
lar) and whether there is an abnormal
host response to ‘‘commensal’’ bacteria or
whether the bacteria themselves have
pathogenic features.

Study of the gut microbiota is not easy.
The human gut contains 500–1000 bac-
terial species2 and around 80% of these
have yet to be cultured.3 There is growing

evidence that the bacteria that are closely
related to or adherent to the mucosa may
be more relevant to mucosal inflamma-
tion than those in the faeces. Studies of
the mucosa-associated bacteria are, how-
ever, affected by the method used. The
colonic mucosa, unlike the small intes-
tine, has a near-continuous mucus coat4

and bacteria adherent to the surface of
this coat will differ in number and nature
from those underneath the mucus.
Moreover, the surface of the mucus layer,
like the faeces, is likely to suit the growth
predominantly of anaerobic bacteria,
whereas mucus represents a significant
barrier to oxygen diffusion,5 so the sub-
mucus niche may be relatively well
oxygenated by the underlying mucosa
and more suitable for micro-aerophilic
bacteria. We have found that aerobic
culture of colonoscopic biopsies after
removal of the mucus layer with dithio-
threitol is often sterile in control colons,
whereas the colon in Crohn’s disease and
colon cancer contains increased bacterial
numbers in this sub-mucus niche, more
than half of which are E coli,6 even though
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these organisms account for less than 1%
of the faecal microbiota.

At least five independent groups have
reported that mucosa-associated E coli are
increased in Crohn’s disease6–10 and the
study by Kotlowski et al in this issue11 (see
page 669) makes this six. Two of the
studies7 11 have also shown an increase in
mucosa-associated E coli in ulcerative
colitis. One group has reported selective
growth of the E coli from distal ileal
mucosal samples in Crohn’s disease,8

whilst the others have reported on colonic
mucosal samples. The present study adds
particular weight to the potential impor-
tance of E coli because of the initial screen
that was used, which should have been
able to pick up any bacteria that were
overexpressed in the inflammatory bowel
disease tissue samples. The study used
ribosomal intergenic spacer analysis to
identify DNA segments that were more
commonly present (in about 70%) in
Crohn’s disease and ulcerative colitis
mucosal biopsies than controls (about
30%). Five of these segments were then
sequenced and all were found to contain
E coli DNA. Subsequent study focused on
E coli and again confirmed increased
culture of E coli from Crohn’s disease
samples and, to a lesser extent, from
ulcerative colitis samples, compared with
controls. There was a poor correlation
between site of inflammation and pre-
sence of E coli, in agreement with other
studies that have tended to show that the
same organisms can be identified from
various sites within the same colon.6 7

This is compatible with the organisms
having a causative role in the inflamma-
tion rather than merely colonising
inflamed mucosa.

Where do the E coli end up? In Crohn’s
disease but not ulcerative colitis there is
good evidence of bacterial invasion into
tissues and this is supported by the
tendency for abscess and fistula formation.
Some of the bacteria undoubtedly invade
after a breach in the mucosa has already

occurred and these are likely to be a cross-
spectrum of the faecal microbiota.12 13

Nevertheless, an immunohistochemical
study using a broad range of anti-microbial
antibodies showed a selective presence in
Crohn’s disease tissue of E coli, Listeria
and Streptococci, all within macrophages.14

Subsequent studies of Listeria have been
contradictory15 but E coli DNA has
also been identified within 12/15 Crohn’s
disease granulomas dissected out from
tissue sections by laser-dissecting micro-
scopy, compared with 1/10 control granu-
lomas, although the same group also
identified M paratuberculosis within
Crohn’s disease granulomas using the
same technique.16 The possibility that the
E coli may end up chronically replicating
within tissue macrophages is supported by
evidence that Crohn’s disease E coli isolates
are particularly capable of replicating
within macrophage vesicles in vitro when
compared with laboratory control E coli
strains.17

What is the site of entry? Crohn’s
disease mucosal E coli isolates have been
shown to be better able than laboratory
strains to adhere to and invade colon
epithelial cell lines in culture.6 8 However,
this phenomenon is cell-line specific6 and
there is little evidence that they are able
to invade the normal colonic epithelial
cells in vivo. Moreover, there is good
evidence that bona fide invasive patho-
gens, such as Salmonella and Shigella, are
unable to invade via normal colon epithe-
lial cells and instead make their initial
entry via the specialised M cells within
the dome epithelium overlying Peyer’s

patches in the distal ileum and lymphoid
follicles in the colon.18 19 There is no
mucus layer overlying the dome epithe-
lium since it possesses no goblet cells.
Moreover, the M cells lack the ‘‘fuzzy’’
glycocalyx that other small intestinal and
colonic epithelial cells possess.20 If
unequivocal pathogenic organisms need
M cells as a portal, it seems likely that the
Crohn’s E coli, which lack conventional
pathogenicity genes, will also have to
enter via the M cells. This fits well with
evidence suggesting that the earliest
lesions in Crohn’s disease occur at
Peyer’s patches in the ileum and lym-
phoid follicles in the colon21 (fig 1).

What role could these E coli have in
ulcerative colitis? The study by Kotlowski
and colleagues published here11 and also
that by Swidsinski and colleagues7 both
show increased mucosa-associated E coli
in ulcerative colitis, possibly to a slightly
lesser extent than in Crohn’s disease. The
lack of association reported by others6

may reflect differences in sampling tech-
nique, such as removal of the mucus layer
prior to culture. There is no good evidence
for mucosal invasion by E coli in ulcera-
tive colitis and the typically continuous
inflammation does not suggest any spe-
cific focus of inflammation around lym-
phoid follicles. It seems more plausible
that, in ulcerative colitis, the mucosa-
associated E coli may interact with the
surface epithelial cells without invasion.
This would fit with the superficial nature
of mild colitis and also with evidence of
surface epithelial NFkappaB activation as
a very early event.22 Another likely result
of such interaction would be release from
the epithelial cells of interleukin-8 (IL-8),
a potent chemotactant for neutrophils. So
far, most evidence suggests that bacteria-
induced IL-8 release from colon epithelial
cells is usually a consequence of flagellin-
Toll receptor 5 (TLR5) interaction and it is
notable that this can result from interac-
tion even with E coli strains that are
conventionally regarded as ‘‘commen-
sal’’.23 Since TLR5 is located on the
basolateral aspect of the epithelial cells,
this would require prior weakening of the
mucosal barrier, as occurs experimentally
with dextran sulphate, to allow flagellin
to pass through the tight junctions and
reach TLR5.24 This represents a plausible
model for ulcerative colitis,25 perhaps
with inflammation perpetuated by an
auto-immune mechanism (fig 2).

Further work is needed to characterise
the inflammatory bowel disease mucosa-
associated E coli and their mechanisms of
interaction with epithelial cells. In many
ways their adherence and invasion of
epithelial cells in the absence of any of
the typical pathogenicity genes, other
than adhesins, is similar to the properties

Figure 2 Models for involvement of E coli in IBD
pathogenesis: 2. Ulcerative colitis.
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Figure 1 Models for involvement of E coli in IBD
pathogenesis: 1. Crohn’s disease.
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of uropathogenic E coli;26 27 indeed they
may be the same organisms. There is
already a considerable literature on how
uropathogenic E coli interact with epithe-
lial cells26 28 and much of this may be
relevant in the colon. This may include
interaction with members of the carci-
noembryonic antigen-cell adhesion mole-
cule (CEACAM) family29–31 that are
present in the glycocalyx, the ‘‘fuzzy coat’’
that underlies the mucus layer and over-
lies colon and small intestinal epithelial
cells. The study by Kotlowski and collea-
gues takes this a step forward with the
demonstration that the Crohn’s disease E
coli isolates are more likely to be in
phylogenetic groups B2 and D; groups
that characteristically contain E coli that
are pathogenic at extra-intestinal sites
and that tend to adhere to epithelial
cells.32 33 The inflammatory bowel disease
isolates are also shown commonly to
possess serine protease autotransporters
(SPATEs), some of which possess muci-
nase activity.34 This could explain why
these organisms seem typically to have
been found within35 or beneath6 the
colonic mucus layer.

Evidence is thus accumulating that E
coli, probably ‘‘mildly pathogenic’’ by
virtue of their possession of adhesion
mechanisms and secretion of proteases,
may have a causative role in inflamma-
tory bowel disease. In Crohn’s disease
they probably invade the tissue, perhaps
as a result of defective clearance by
neutrophils,36 and chronically infect
macrophages, whereas they may have a
more superficial relationship with the
mucosal surface in ulcerative colitis.
Koch’s postulates have yet to be fulfilled
but it is intriguing that E coli with a
similar adherent and invasive phenotype
have been shown to be associated with
granulomatous colitis in boxer dogs.37 I
think we now have a new therapeutic
target.

Gut 2007;56:610–612.
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